o.UK Patent Application „s,GB 2 1 30 7 1 8 A 



(21) 
(22) 
(30) 
(31) 
(32) 
(33) 



(51) 
(52) 



(56) 



(58) 
(71) 



Application No 8324658 
Date of filing 14 Sep 1983 
Priority data 
8226143 
14 Sep 1982 
United Kingdom (GB) 
(43) Application published 
6 Jun 1984 
IIMTCL 3 

G01P5/00 5/18 

Domestic classification 
G1 A A3 CI 3 C1 C3 C8 D1 
EXG10G17G1 G2 G7 R7 
S4T14T26T2T3T8T9 
U1S 1059 1298 G1A 
Documents cited 
None 

Field of search 
G1A 

Applicant 

Malvern Instruments 
Limited 

(United Kingdom), 
Spring Lane, Malvern. 
Worcestershire 
WR141AQ 
Inventor 
E. R. Pike 

Agent and/or Address for 
Service 

Wynne-Jones Laine & 
James, 

22 Rodney Road, 
Cheltenham, 

Gloucestershire GL50 1JJ 



(54) Improvements relating to 
methods and apparatus for 
measuring spermatozoal motility 

(57) A highly collimated light beam 1 
is directed onto a sample cell 3 
enclosing a sample of sperm solution 
and reflected therefrom into a 
microscope 4 and television camera 5. 
The shape and type of movement of 
individual spermatozoa is such that 
the collimated light will only be 



reflected into the microscope from 
those spermatozoa which are moving 
very close to one direction. Images 
registered by the camera 5 are relayed 
to an electronic image processor 6 
which calculates the rate of 
movement (and the number, if 
required) of visible targets moving in 
one direction between two frames at a 
known separation, by calculating, e.g. 
a cross-correlation function for the 
two line-averaged frames. 



(72) 



(74) 




The drawing originally filed was informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Improvements relating to methods and 
apparatus for measuring spermatozoal motility 

This invention relates to a method of and 
5 apparatus for measuring spermatozoal motility. In 
the study of human and animal fertility there 
arises the need to measure the vigour of motion of 
spermatozoa, particularly in the practice of 
artificial insemination, where the viability of 
1 0 samples reconstituted from the deep frozen state 
requires quantification. The normal practice is to 
make observations with an optical microscope 
using skilled operators who may classify the 
motions on a scale from 1 to 5 of so called 
1 5 "motility". Observations of malformed and 
irregular swimmers are also of use. 

It is an object of this invention to provide 
apparatus and a method for measuring 
spermatozoal motility which will operate to 
20 provide measurement readings automatically. 
From one aspect this invention provides 
apparatus for measuring spermatozoal activity, 
comprising a microscope for observing a sample 
of sperm solution positioned on the microscope 
25 stage, a source of a laser or other highly 

collimated light beam for directing the beam onto 
the microscope stage to be reflected into the 
optical axis of the microscope, and a television or 
other electronic system for recording images 
30 produced and processing these images over a 
period of time to determine a one-dimensional 
displacement of the images. 

The flat ellipsoidal shape of the head of each 
spermatozoon only reflects the collimated light 
35 (within a threshold for recognition of the reflected 
illumination) when the light beam, flat head and 
detector are close to a particular specular 
reflecting position (within about ±3°). This 
combined with the helical motion of each 
40 organism gives rise to the effect that chaotic flow 
is converted into an apparent one-dimensional 
flow. The reflectors have characteristic electrical 
signatures which act as markers for particular cells 
which can be applied to an electronic tagging 
45 circuit. Ideally the solution will be diluted to give 
rise to 20 to 30 recorded tracks, but the television 
equipment could be capable of coping with up to 
1 5 tagged elements per line. 

It is preferred that the microscope cell will have 
50 a spacing of several hundred microns. 

Advantageously the microscope stage will be 
temperature controlled and capable of being tilted. 
The displacement rate may readily be determined 
from a cross-correlation of two line averaged 
55 frames at a known time separation which could be 
as low as one frame but more conveniently will be 
that number of frames during which the mean 
sperm displacement should be approximately one 
quarter of the image dimension in the direction of 
60 motion being viewed. The apparatus will ideally 
incorporate display means to show the mean 
velocity and velocity distribution to the operator. 

This apparatus provides means for analysis of 
the motility of spermatozoa which may be both 



65 quantitative and automatic. Electronic counting of 
identified moving targets and other obvious 
refinements in combination with the known 
dilution factor may be employed to give further 
useful information on live/dead sperm ratio and 
70 the number of irregularly moving species. In 

particular electronic techniques to suppress non- 
moving species from the inter-frame correlation 
could be used to improve accuracy. 

From another aspect this invention provides a 
75 method of measuring spermatozoal motility 

including the steps of equipping a standard optical 
microscope with a laser or other highly collimated 
illumination source, positioning the stage to orient 
the specimen cells, viewing the images with a 
80 television system or other electronic means and 
processing the electronic image signals, for 
example by cross-correlation of two frames at a 
known separation, to determine distance moved 
and hence velocity. 
85 The invention may be performed in various 
ways and a preferred embodiment thereof will 
now be described with reference to the 
accompanying drawings, in which: — 
Figure 1 illustrates the strong scattering 
90 geometry of a moving spermatozoon; 

Figure 2 is a schematic view of a sperm motility 
apparatus of this invention; and 

Figure 3 is a schematic display of the cross 
correlation function obtained from the line average 
95 of two TV frames using the equipment of Figure 2. 
The normal motion of a single organism in a 
buffer solution which gives a dilution sufficient to 
avoid mutual interaction is helical, with a pitch 
approximately equal to the length of the head, 
1 00 which has the shape of a flat ellipsoid. Intensity 
fluctuation laser scattering systems have been 
developed which purport to measure sperm 
velocity by the Doppler shift of the radiation from 
the moving scatterers. While it is true that the 
1 05 spectrum of the scattered light, as manifest in its 
fluctuations, varies with the condition of the 
sample, it is now clear that this simple 
quantification of motion by the theory of the 
Doppler effect is not possible due to the complex 
110 nature of the targets and their motion. However, it 
has been noticed recently that the light scattered 
by a single sperm from a laser beam can be 
interpreted to a first approximation by considering 
only that received when the beam, flat head and 
115 detector are close to particular reflecting positions 
to be significant. This configuration is illustrated 
by way of example only in the accompanying 
Figure 1 . In this case the light beam A, the normal 
B to the flat orientation of the head C, the long axis 
1 20 D.of the head (which is also the swimming 

direction E) and the scattered light direction F are 
coplanar. Other positions of strong scattering can 
occur when the two semi-angles 0 differ from 
each other, but both beams continue to lie in the 
125 same plane. 

Considering such scattering only, which is very 
much greater in strength than any other received 
light, a little geometrical thought shows that with 
given incident and scattered beam directions, only 
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those sperm moving very close to a particular 
planar direction will be observed, namely the 
plane which contains the projected laser beam 
and the scattering direction. The physical reason 
5 for the high scattering strength under these 
conditions is provided by calculations of the 
diffraction of a flattened ellipsiodal object, which 
has strong lobes in these directions. Viewed under 
laser or otherwise highly collimated illumination 

1 0 between glass plates the sperm all seem to swim 
in one direction. Of course, the direction of motion 
of each individual sperm will be random within the 
constraints of the specimen cell, being three- 
dimensionally random in the interior of the cell 

1 5 and two-dimensionally random along the surfaces. 
In fact, a mechanism of hydrodynamics tends to 
accumulate the organisms near the walls after a 
short time and in this case the population in the 
"observable" direction may be changed by 

20 changing the cell wall orientation, the maximum 
number being seen when a large flat wall is 
oriented also in the specular plane. By assuming 
that those sperm in a trajectory to be seen are 
characteristic of the (invisible) remainder, a 

25 simple proportionate analysis of their linear 
motions will characterise the motions of the 
sample as a whole. 

As shown in Figure 2 a parallel or almost 
parallel light beam 1 is arranged, for example, by 

30 using a small laser and if necessary a mirror 2 to 
pass through a sample cell 3 which may be 
oriented so that a large flat face is close to a 
specular position with respect to the incident 
beam A and the scattered light direction F that is 

35 to say the direction of the optical axis of a 
microscope 4. It may be preferable to avoid 
collecting the exactly specular reflections from the 
cell walls, when sperm moving at a slight angle to 
the wall rather than parallel to it will then be 

40 observed. It may be convenient for viewing to 

retain the normal microscope illumination at a low 
level, in which case the subset of sperm in the 
image which match the strong scattering 
condition depicted in Figure 1 are picked out 

45 spectacularly by flashing in parallel bright lines as 
they perform their helical progress. 

A TV camera 5 relays the images to an 
electronic image processor 6 which may have a 
display 7, for example, of the cross correlation 

50 coefficients of a pair of separated line averaged TV 
frames, the line direction being arranged to be the 
same as that of the motion of the strongly 
scattering organisms by suitable orientation of 
either the TV camera or the incident beam 

55 azimuth. 

Figure 3 shows a typical display where the 
spatial delay variable of the cross correlation has 
been calibrated to a velocity using the known time 
interval between the two frames. The display 

60 shows a peak 8 and distribution about it in 
velocity corresponding to the healthy motile 
sperm. A background 9 will average to a constant 
if integrated for a sufficient length of time but in 
any finite experiment will have fluctuations from 

65 incomplete averaging. Depending on the threshold 



conditions used in the processor to identify an 
organism, the trace may show a secondary peak 
1 0 at the origin due to a dead or non-motile 
fraction. The form of the cross correlation function 
70 will be duplicated on the opposite side of the 
origin (as shown in the display 7 in Figure 2) and 
could usefully be added to improve the statistical 
accuracy. 

The maximum of the correlation coefficient as a 
75 function of linear displacement along the direction 
of the apparent motion gives the modal distance 
travelled by the sperm in the time delay between 
the two frames, and hence the corresponding 
velocity. The spread about this maximum gives the 
80 speed distribution. In conjunction with knowledge 
of the tool organism density, live and dead 
fractions may be derived. Nutrient additions 
present in the buffer solutions may be tolerated. 

CLAIMS 

85 1 . Apparatus for measuring spermatozoal 
activity, comprising a microscope for observing a 
sample of sperm solution positioned on the 
microscope stage, a source of a laser or other 
highly collimated light beam for directing the 

90 beam onto the microscope stage to be reflected 
into the optical axis of the microscope, and a 
television or other electronic system for recording 
images produced and processing these images 
over a period of time to determine a 

95 one-dimensional displacement of the images 

2. Apparatus according to claim 1 , wherein the 
microscope cell has a spacing of several hundred 
microns. 

3. Apparatus according to claim 1 or claim 2, 
1 00 wherein the microscope stage is temperature 

controlled and/or capable of being tilted. 

4. Apparatus according to any one of claims 1 
to 3, incorporating display means to show the 
mean velocity and velocity distribution to the 

1 05 operator. 

5. Apparatus according to any one of claims 1 
to 4, including an electronic counter constructed 
to identify and count moving targets. 

6. Apparatus according to any one of claims 1 
110 to 5, including electronic means for suppressing 

non-moving species from the inter-frame 
correlation. 

7. Apparatus according to claim 1 and 
substantially as herein described. 

115 8. A method of measuring spermatozoal 
motility including the steps of equipping a 
standard optical microscope with a laser or other 
highly collimated illumination source, positioning 
the stage to orient the specimen cells, viewing the 

1 20 images with a television system or other 

electronic means and processing the electronic 
image signals to determine distance moved and 
hence velocity. 

9. A method according to claim 8, wherein the 
125 electronic image signals are determined by cross- 
correlation of two frames at a known separation. 

1 0. A method according to claim 9, wherein the 
number of frames between cross-correlations is 
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that during which the mean sperm displacement is 
approximately one quarter of the image dimension 
in the direction of motion being viewed. 



1 1 . A method according to claim 8 and 
substantially as herein described with reference to 
the accompanying drawings. 
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